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ethanol and then with water till the compound was
free from chloride. It was recrystallized from
acetone, yield 70% [Calc. forPd(EACDAMe)2C12:
Pd, 18'4; N, 4'8; 5, 22·1; Cl, 12·2. Found: Pd,
18'5; N, 4·0; 5, 21·9; Cl, 12·0%].
Pt(jEACDAMe)2Cl2 - Potassium tetrachloroplati-
nite(II) (2 mmoles) and the ligar.d (4 mmoles) in
acetone were stirred for 2 hr. The ~olution became
deep red. Removal of the major portion of the
solvent gave a brownish red product which was
filtered ard washed successively with warm water,
ethanol-water (1:1) and petroleum ether. The com-
pound was recrystallized from acetone, yield 8.0%
[Calc. for Pt(EACDAMe)2CI2: C, 32'3; H, 4,5; N, 4'2;
CI, 10·6. FOund: C, 32'5; H, 4'4; N, 4'3; CI, 10·4%J.
Hg(EACDAMe)2C12 - A mixture of mercur.c
chloride (2 mmoles) ar;d the ligar.d (4 mmoles) in
ethanol was stirred for 1 hr. The solution was then
concentrated under reduced pressure to about one-
third of the original volume (45 ml). A yellow
crystallire compound thus separated was collected
and washed with ethanol; yield 75% [Calc. for
Hg (EACDAMe)2CI2: Hg, 29'8; N, 4,2. Foul'.d: Hg,
29'6; N, 4·4%J.
The analytical data of the compound~ prepared
agree with the composition M(EACDAMe)2CI2[M =
Pd(I1), Pt(I1) and Hg(I1)]. The complexes are
non-electrolytic in rature, indicating that the ligand
acts in the unidentate form in these compounds.
Attempt to isolate the Ni(II) complex was ursuccess-
ful, although with the S-methyl ester of 2-amiro-
cyc10pentene-l-di thiocarboxylic acid a bis-chela te
of the deprotonated ligand was obtair.ed readily6.
It thus appears that the substitution of the amiro
proton of methyl 2-amirocyclopentere-1-dithiocar-
boxylate with an alkyl group significartly affects
the coordination behaviour particularly in its ability
to get deprotonated.
The PMR spectrum of the ligard showed tt.e
following signals: a 1'33 (t, 3H, ] = 6 Hz, N-CH2
CH3), 3,37 (q, 2H, ] = 6 Hz, N-CH2CH3), 2'47 (s,
3H, CSSCH3), 1'83 (q, 2H, ] = 7 Hz, J,-CH2), 2'70
(m, 4H, 3-CH2, 5-CH2), 11·8 (1H, NH). In the
S-methyl ester of 2-aminocyclopentene-1-dithiocar-
boxylic acid, the NH proton is located at a 10·7
(ref. 5). The larger downfield shift of the NH proton
in EACDAMe indicates its higher bas:city which
explair.s its reluctance to form deprotonated chelate.
The IRspectrum (vmaxin cm-I) of the ligard shows
a weak band at 3460 indicating that the secor.dary
amino group is involved in hydrogen bonding with
thiocarbonyl sulphur.
The v(N-H) is observed at 3410 in the Pt(II)
complex and at 3415 in the Pd(II) complex. In
the Hg(II) complex, however, this bard is cor sider-
ably shifted to higher frequercy rarge and appears
at 3480. IT the free ligand there is stror.g deloca-
lization effect in the hydrogen bonded chelate ring
and as a result (C=C) assumes partial double bord
character. The strong band at 1592 in the free
ligand is probably due to the combination of
8(N-H) and v(C=C). In the Pd(II) and Pt(II)
complexes, a medium intensity band is observed
'" 1670 and also a strong band •.•••1550. In the
Hg(II) complex, although a strong ban?- is observed
at 1620, no band could be detected III the range
1550-1570. It may be mentioned that the ligand
also shows no such band. Since EACDAMe acts
as an unidentate ligand with all the three metal ions,
therefore, it coordir.atts with H.e metal ior.f eithu
through ritroger. or through thiccaI bOl.yl sulphur.
If the bondil'.g takes place through the r.itrogen
atom, a(N-H) vibration should be observed at lower
frequency compared to the free ligand ard the
(C=C) stretchirg frequercy should be displaced
to a higher eLergy, sir;ce the hydroger. bonded
structure of the ligard is lost. The Pd(II) ar.d
Pt(II) complexes show such a behaviour. Her.ce
in these complexes bondir.g through dtrogen is
ir.dicated. On the other har.d, bondirg through
thiocarbonyl sulphur atom would result ir. the dis-
placemer.t of a(N-H) to a higher eLergy, which is
the caSe with the Hg(II) complex. Further cor.-
firmatior. of bor.dirg through r.itroger. in Pd(II)
ar.d Pt(II) complexes ar:d through sulphur in Hg(II)
complex gets support from (N-H) stretchir.g fre-
quer:cies of the complexes.
The electrode spectrum of the ligar.d sLows two
bands in methar.ol at 25·3 ar;d 32 kK with the molar
extinctions (log E) 4,4 ar:d 4·0 respectively. The
Pd(II) and Pt(II) complexes exhibit r.o d-d type
trar.sitiOIiS. In the Pd(II) complex three bands
are observed at 25'1, 32'4 and 38'5 kK with the
corresponding extinctions (log E) 4,4, 4'3 ar.d 4'4
respectively; these are probably due to internal
ligard transitions. The Pt(II) complex also displays
three bands at 23·7 (log E 4·0), 25·5 (4·0) and 40 kK
(4·37) and the first one appears to be a charge-
transfer band.
Thanks are due to the CSIR, New Delhi, for the
award of a senior research fellowship to or.e of
the authors (D.S.].).
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'The electrode reactions are diffusion-controlled and
are hi~hly irreversible. The kinetic parameters (an,
and Kf.h) have been calculated by Koutecky's theoreti-
cal treatment as extended by Meites and Israel. Since
the reduction is diffusion-controlled, Zn'+ and Pb2+
ions in HMTA can be determined polaro~raphical1y.
A NUMBER of worken,1-7 have investigaied thecomplexes of hexamethyleretetramir.e (HMTA)
with Zn(II) and Pb(II). However, a polarographic
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stud of these complexes has not been undertaken
so fa. It has now been observed that Zn(II) and
Pb(I ) are reduced irreversibly at d.m.e. in HMTA
medi m. The complexation, therefore, could not
be s udied, but the kinetics of their disCharge at
d.m .. was calculated employing Koutecky's
meth d8. The values of tbe forward rate constant
KJ,h nd 'rJ..n' have been evaluated for different
CO,1C dtrations of the ligand using Koutecky's theo-
retic I treatment as extended by Meites afld
Israe v.
H, TA (Riedel), KNOs' KCI, Z'1S04' Pb(NOa)z
(all f BDH, AR) and KOAc (BDH) were used as
such. Their solutions ",ere prepared in air-free
cO"ld ctivity water. Zn(II) and Pb(II) solutions
(1 M) at constant ionic strength (l'OM) in
supp rting electrolytes (KCI or KOAc or KNOa)
with arying cOJcentrations of the liga'ld were used
for t e pJlarographlc measureme!1ts which were
perfo med at 25 ± 10 with a manual Tosh1iwal
pJlar gnph (type CI02A) in co,]junction with the
Multi ex galvalometer (type MG2). SCE was used
as a referelce electrode. The capJliary charac-
terist cs were: m = 3 ·033 mgjsec a'1d t = 2·6 secj
drop 3.t 31 cm of m~rcury pressure in 1·021! support-
i1.g ectrolyte, open circuit). All the solutions
were eoxygenated by passing purified Hz for 10
min.
La plots of the polarograms (C-V curves) were
linear with slope values much h;gher than the
theJr tical value expected for two electron reversible
red'lc [OlS, thereby revealing the irreversible nature
of th waVeS. The present investigation therefore
was confined to kinetic study of the electrode
reaction. The resistance of the cell was below 500
ohms and therefore iR drop correction was not
appli ed. Throughout the polarographic measure-
ments, the current at the end of the drop life was
considered instead of the average current because
the calculatiorIs of the kinetic parameters are based
on the Koutecky's method which are more accu-
rately reproduced by taking the maximum
current.
Zn2f and Pb2+ gave a single well-defined cathodic
reduction wave in 1·0M concentration of different
supporting electrolytes (KCI or KNOs or KOAc)
containing HMTA. Due to the complex formation,
the i,j decreased an.d the E1/2 value shifted to the
more negatiVe potentials with the increase in
HMTA conceJtration.
The plots of wave height versus v'h and wave
height versus concentration of the complexes were
linear and passed through the origin indicating the
reduction of Zn2+ and Pb2f in HMTA to be diffusion~
con trolled.
The diffusion coefficient of HMTA complexes
in all the electrolytes have been calculated using
Ilkovic equation and the data are recorded in
Table 1.
0·0542 i
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The kinetic parameters of Zn-HMTA and Ph-
HMTA complexes were calculated using Eqs. (1)
and (2) for a totally irreversible wave. In these
equations, both Ed.e. and Ei are with respect to
saturated calomel electrode. The values of «n
obtained from slope of the linear plot of Ed.e. VS
log (ifill-i).
0·0542
Slope = --- ...(3)«n
The intercepts of the above plots at Y-axis give
the value of Et. The value of D~ was calculated
using Ilkovic equation. The values of Et, Dg and
, «n ' were substituted in Eq. (2) to calculate KJ.".
The values of KJ." and '«n' thus calculated for
Zn-HMTA system in KOAc, KCl, KNOs ar.d for
Pb-HMTA system in KOAc at different concentra-
tions of the ligand in each system are given in
Table 1.
The polarographic studies of Pb-HMTA complexes
were limited to only KOAc ionic medium sir.ce in
other two media, insoluble precipitate was formed.
This may be attributed to the fact that the preser;ce
of acetate ions suppress the hydrolysis.
Different values of Kl." are obtained in the caSe
of Zn(II)-HMTA system in KNOs, KCI ar.d KOAc
supporting electrolytes, the max:mum being in
KOAc. It is obvious that the reduction of the
complex in KOAc media is faster than in other two
medial'. The forward rate constant of Pb-HMTA
complexes in KOAc are of the order 10-17 cmlsec
which shows that Pb-RMTA complexes formed are
reduced at a faster rate as compared with Zn-RMTA
complexes.
It is concluded that the above electrode reactior;s
are highly irreversible, increasing concentration
of the ligand further adding to the irreversibility
of the reaction.
The authors are thankful to Prof. V. R. Krishr.an,
Head, Department of Chemistry, for providing
necessary facilities.
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An extension of Irvin~-Rossotti titration technique
has been applied to study the mixed li~and formation
constants of heterochelates of the type [MAL], where
M=Cu(I1) or Ni(I1); A-dipyridyl (dipy) or o-phenan-
throline (o-phen) and L=4-(2-hydroxyethyliInino)pen-
tane-2-one (HEA), 4-(2-hydroxyethyliInino)-4-
phenylbutane - 2 - one (HEBA), 4 - (2 - bydroxypro-
pyliInino) - pentane-2 - one (HPA) or 4 - (2 - bydroxy-
propyliInino)-4-phenylbutane-2-one (HPBA). It is
observed that K~~:::~~MK~. This bas been ex-
plained in tenns of K interaction. From the above
observations it bas been inferred that thou~b the
secondary li~and bas three coordinatin~ sites, it acts
as a bidentate 1i~and in binary and ternary complexes.
MIXED ligand complexes of the type [MAL] ClOtwhere M = Cu(II) and A = dipyridyl (dipy)
or o-phenanthroline (o-phen) and L = 4-(2-hydroxy-
ethylimino)-pentane-2-one (HEA), have already been
reported by us1. It has been shown that the
Schiff bases act as bidentate ligands the- OR group
of the alkylamine part remaining uncoordinated
and undissociated. Similar bidentate nature of
the above Schiff bases has been observed in the binary
complexes als02• In order to confirm further
whether the-OR group is coordinated or not it was
thought worth while to study the ternary systems
in solution. The present study relates to the ternary
complexes [MAL], where M = Cu(Il) or Ni(Il);





extension of Irving- Rossotti titration techniqueS
has been used. For comparison, the formation
constants (log K1) of binary metal complexes have
also been calculated for the present ligands using
the method of linear plots'.
Ligands were prepared and analysed as describ~d
earlier2• Other chemicals used were of pure grade.
In order to avoid the complexing tendency of the
anion, metal perchlorates were prepared and their
metal contents determined. All solutions were pre-
pared in 50% purified dioxane.
Preliminary studies show that Schiff bases at
concentration lower than O·05M get hydrolysed.
Hence, subsequent experiments were done at con-
centration of the Schiff bases >O·05M. The instru-
ments used and the titrations carried out are similar
as in earlier publicationsll• An excess of the
secondary ligand was used in the mixed ligand
system also, instead of 1:1:1 of metal: dipyridyl
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